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1. Introduction
Human papillomaviruses (HPVs) are infectious agents responsible for emergence of anogen‐
ital subclinical and clinical infections. HPV infections are the most common sexually trans‐
mitted infections worldwide. More than 100 HPV genotypes have been catalogued so far and
from these, over 40 genotypes infect mucosa of anogenital tract and other mucosal areas. The
epidemiology of anogenital HPV infections has been well described, especially cervical
infections in young women and there are also many epidemiologic data among adults of
different age and of different regions of the world. HPV is now recognized as a necessary cause
for the apparition of cervical cancer in women, and is responsible for a substantial proportion
of many other anogenital neoplasms (anal, vaginal, vulvar and penile cancers), and a non-
negligible portion of head and neck cancers (oral cavity, pharynx, and larynx). HPV is also
responsible for the development of benign lesions such as condyloma acuminata (genital warts).
Clinical HPV infections are responsible for substantial morbidity and invoke high costs
associated with the treatment of clinically relevant lesions. This chapter will review epidemi‐
ology of HPV infections affecting the anogenital tract of men and women.
2. Classification and carcinogenicity of HPVs
Papillomaviruses are from the Papillomaviridae family and all HPV genotypes share a common
structure, L1 protein, that is highly conserved and consequently used for taxonomical pur‐
poses[1]. HPVs are classified into 16 genuses (Alpha, Beta, etc.), which are also divided into
species. Genus of Papillomaviridae share less than 60% nucleotide sequence identity in the L1
protein whereas species within a genus share between 60% and 70% nucleotide identity. A
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new HPV isolate is recognized as a new genotype when the nucleotide sequence of the L1 gene
differs by more than 10% from the genotype with which it has the greatest homology in DNA
sequence. More than 100 HPV genotypes have been identified in humans from which over 40
genotypes infect mucosa of anogenital tract and other mucosal areas. As anogenital HPV
infections is the interest of this chapter, focus is made on alpha-papillomavirus genus, which
include mucosal HPVs (Table 1) [2].
Mucosal HPVs are also classified according to their oncogenic potential: low-oncogenic risk
genotypes (LR-HPVs) and high-oncogenic risk genotypes (HR-HPVs). LR-HPVs may cause
benign lesions of the anogenital mucosa such as condylomata acuminata (genital warts) while
HR-HPVs are linked to the development of pre- and malignant lesions. The latest classification
published by the World Health Organization’s International Agency for Research on Cancer
referred genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59 as HR-HPVs[3, 4]. This
classification also included many other genotypes as possibly carcinogenic, such as genotypes
26, 53, 66, 67, 68 70, 73 and 82 (Table 2). These genotypes are referred as possibly carcinogenic
because the evidence about their carcinogenicity are more limited. Oncogenic potential
classification of HPVs is updated frequently with the occurrence of new epidemiologic
evidence[5].
Classification of Human Alpha-Papillomavirus
Genus Species HPV Genotypes
Alpha-papillomavirus Alpha-1 32, 42
Alpha-2 3, 10, 28,29, 78, 94
Alpha-3 61, 72, 81, 83, 84, c62 c86, c87, c89
Alpha-4 2, 27, 57
Alpha-5 26, 51, 69, 82
Alpha-6 30, 53, 56, 66
Alpha-7 18, 39, 45, 59, 68, 70, c85
Alpha-8 7, 40, 43, c91
Alpha-9 16, 31, 33, 35, 52, 58, 67
Alpha-10 6, 11, 13, 44, 55, 74
Alpha-11 34, 73
Alpha-12 RhPV1
Alpha-13 54
Alpha-14 c90
Alpha-15 71
*Adapted from De Villiers et al., 2004 [1]
Table 1. Classification of species and genotypes of HPVs among the Alpha genus
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Classification of Human Papillomavirus by carcinogenic potential
Oncogenic potential Genotypes of HPV
High-oncogenic risk 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59
Possibly high-oncogenic risk 26, 53, 66, 67, 68, 70, 73, 82,
Low-oncogenic risk 6, 11, 13, 30, 32, 34, 42, 44, 54, 61, 62, 69, 71, 72, 74, 81, 83, 84, 85,
86, 87, 89, 90
*Adapted from Bouvard et al, on behalf of the WHO International Agency for Research on Cancer Monograph Working
Group 2009 [3]
Table 2. Classification of HPV genotypes based on carcinogenic potential
3. Routes of transmission
3.1. Primary route of transmission: Sexual contact with an infected partner
Epidemiologic data supports that the primary route of HPVs transmission is via sexual
contacts. The most important risk factors for prevalent infection as well as for acquisition or
incidence in adults, are related to sexual behaviour variables: age at sexual debut and number
of sexual partners, new, recent or lifetime for example [5-7]. Transmission may occur through
peno-vaginal intercourse, but also via other sexual practices. Anal intercourse is also associated
with HPV infection. History of receptive anal sex has been identified as an important risk factor
for anal HPV infection among men [8-12]. Oral sex is also a possible route of HPV transmission
as it has been associated with HPV oral infection [13-15]. Furthermore, digital-genital trans‐
mission is possible, as genital HPV genotypes have been found on fingers[16]. Insertive sex
toys are also a possible of route of transmission[17]. Studies on genital HPV infection between
women who have sex with women also suggest that HPV transmission is possible among
lesbian partners[18].
3.2. Non-sexual routes of transmission
HPV genital infections can also origin from non-sexual route of transmission. For example,
HPV DNA can be detected in genital or oral tract of newborns and children through perinatal/
vertical transmission [19-23]. Vertical transmission of HPV from mother to child (perinatal
infection) was first reported in 1956 in a case of juvenile laryngeal papillomatosis[24]. Confir‐
mation of the perinatal transmission of HPV in different mucosa (genital, oral) was subse‐
quently supported by several studies although the route of transmission is not well
understood[19-23, 25]. Direct maternal transmission during vaginal delivery or at caesarean
section following early membrane rupture is possible as well as in utero through semen or
ascending infection from mother’s genital tract. Transplacental transmission seems possible
since HPV DNA has been detected by PCR in amniotic fluid, placenta and cord blood [25, 26].
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It is possible that transmission occurs through semen since it has been demonstrated that HPV
DNA is found in sperm in a proportion of 8–64% of asymptomatic men[27]. Studies in vitro
shown that HPVs may attach to sperm head, and that infected spermatozoids are able to
penetrate oocyte and deliver HPV genome into it. Oocyte can actively transcribed HPV genes,
for transmission to occur[28].
Other non-sexual skin contact transmission has been documented such as horizontal trans‐
mission via fingers, mouth and fomites[5, 17]. For example, it has been shown that HPV
infected individuals may have HPVs in genital sample and in their hands showing that they
can not only infect their sexual partners but also themselves somewhere else on their body
(hands, conjunctive, etc.) as well as other individuals outside sexual contacts[16, 18].
4. Epidemiology of ANOGenital hpv infections
4.1. Anogenital HPV infections in women
4.1.1. Prevalence
Cervical HPV infections
According to a recent meta-analysis that included data from more than 1 million women with
normal cytology in 59 countries, the prevalence of cervical HPV infection ranges from 1.6% to
41.9%, with a global prevalence estimated at 11.7% [29]. Sub-Saharan Africa (24.0%), Eastern
Europe (21.4%), and Latin America (16.1%) showed the highest prevalences and the regions with
the lowest prevalences are: Northern America with 4.7% and Western Asia with 1.7%. Also, it is
important to consider that these percentages are probably underestimated as the laboratory
methods used to detect HPV do not necessarily included the detection of all HPV geno‐
types[30]. The 5 most common genotypes worldwide are HPV-16, 18, 52, 31 and 58. Typically,
HPV prevalence increases rapidly in adolescence following sexual debut, followed by an age-
related decline, and occasionally a second but more modest peak in prevalence among older
women in some regions of the world such as in America (Northern, Central and South) and in
Europe[31]. Although the reason for this “menopausal” peak is not clear, it could plausibly be
attributed to one or more non-mutually exclusive mechanisms, such as reactivation of latent
infections acquired earlier in life due to a gradual loss of immunity, or to acquisition of new
infections due to sexual contacts with new partners later in life (cohort effect)[5].
Anal HPV infections
Less research has been conducted to determine the prevalence of HPV in anal tract of women.
A prevalence of 42% has been observed in healthy women [32] and by contrast to cervical
prevalence that shows an age-related decline, the prevalence of anal infection seems relatively
steady in all age groups[33]. Some studies also shown that women with cervical HPV infection
had more than three fold increased risk of concurrent anal-cervical infection with a high
correlation between the concordance of HPV genotypes, indicating a common source of
infection[33]. As anal intercourse is not strongly associated with anal HPV infection in women,
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other important route of transmission have been suggested such as no penetrative sexual
contact (for example, involving the fingers or mouth of partner), non-sexual contact, or HPV
shedding from the vagina to the anus given the close proximity of these two areas[33, 34].
Vaginal and vulvar HPV infections
It has been suggested that vaginal and vulvar HPV infections are also very common in healthy
women although much less data in available for these site specific areas. Some studies have
detected HPVs in cervicovaginal samples compare to cervical samples and showed positivity
for HPV in cervicovaginal swabs are higher compared to cervical specimens suggesting a
higher prevalence HPV in the vagina or vulva than in the cervix only[35]. For example, a
prevalence of 42.5% has been observed among females in United States using self-collected
cervicovaginal specimen[36].
4.1.2. Incidence
Cervical HPV infections
High rates of incidence of HPV cervical infection are observed especially in young women.
Cumulative incidence of more than 40% after 3 years of follow-up has been demonstrated
among university students [5, 6, 37]. The highest incidence rates of cervical HPV infection are
observed in young women corresponding to age of sexual intercourse debut. Thereafter,
incidence in women tends to decline with age, although second peaks are sometimes observed
in older women (such as for prevalence data)[5]. For example, in a cohort of women between
13 and 65 years of age in Bogota in Colombia[37], the cumulative incidence of any HPV after
five years of follow-up among women aged 15-19, 20-24, 25-29, 30-44 and more than 45 years
were 42.5%, 36.9%, 30.0%, 21.9%, and 12.4%,, respectively. The cumulative incidence after 5
years of follow-up in all age groups was 26.3% and infections rate with HR-HPVs were more
frequent than infections with LR genotypes (5.0 cases and 2.0 cases/100 woman-years,
respectively). Although some studies observed higher incidence of HR-HPV than LR-HPV,
these comparisons depend on the assays used. More recent assays detect more types, many of
which fall into the LR category.
Anal HPV infections
Cumulative incidence of anal HPV infection in a cohort of women of Hawaii (median age: 40
years old) has been evaluated at almost 70% in an average period of 1.3 years of follow-up.
The rate of acquisition of anal HPV infection with any genotype was observed at 46.9 cases
per 1000 woman-month. The incidence rate of anal HPV infections with HR-HPVs is also
higher than with LR-HPV (such as for cervical infection) with estimates reported by Goodman
et al (2008) at 19.5 and 8.2/1000 woman-months for an incident anal HR-HPV and LR-HPV,
respectively[32]. Lower risk of acquisition of anal HR-HPV in women over 45 years of age have
also been observed compared to women under 25 years of age.
Vaginal and vulvar HPV infections
To our knowledge, there are no estimates on the incidence of vagina and vulvar HPV infection
in healthy women.
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4.1.3. Special population: HIV-positive women and sex workers
HIV and HPV infection status has been under the projectors during the last years. In a systemat‐
ic review of HIV-positive women with no cytological abnormalities, prevalence of HPV has been
evaluated at 36.3% [38], higher than in worldwide estimated prevalence (11.7%)[29].
More attention was also paid to sex workers in the last years. For example, in a study made in
China, prevalence of any HPV genotype was estimated at 38.9% in this population[39]. A recent
study in Spain also demonstrated a higher incidence and a higher risk of persistence of HR-
HPV infection in sex workers compared to the general population (incidence of 3.98 per 100
women-years relatively to 26.81 per 100 women-years)[40].
4.2. Anogenital HPV infections in men
4.2.1. Prevalence
Depending of the anatomic sites (coronal sulcus, glans, prepuce, shaft, urethra, scrotum,
perianal area, anus, semen or urine) that is analysed, HPV prevalence (any genotypes) can
vary from 1% to 84% among the general population of men and from 2% to 93% in high-risk
men (such as STI clinic attendees, HIV-positive males, and male partners of women with HPV
infection or abnormal cytology)[41]. For example, the site specific prevalences of HPV infection
in male were estimated between 6.5%-50% in corona and/or glans, 5.6%-51.5% in penile shaft,
24%-50% in prepuce, 7.1%-46.2% in scrotum, and 8.7%-50% in urethra [27]. Contrarily to what
is reported in women, HPV prevalence is relatively stable across age groups in men [41, 42].
Prevalence of anal HPV infection in men who have sex with women has been reported to range
between 0% and 32.8% [27]. It is important to consider, however, that a high variability in the
prevalence estimates may occurred in man due to the variability of sites tested or to the type
of specimen used for which the detection method is not completly optimized (such as urine).
4.2.2. Incidence
Few studies have reported HPV infections incidence in men. Cumulative incidence calculated
with penile and scrotal sampling, in a cohort of USA men aged between 18-44 years old (mean
age: 29.7 years) was 29.3% after a follow-up of 12 months[42]. Incidence rate in this cohort for
any HPV genotype infection was 29.4 per 1000 men-months. Incidence rates of HPV-6, 11, 16,
and 18 infections were 2.8, 0.5, 4.8, and 0.8 per 1000 men-months, resectively.
4.2.3. Special population: Men who have Sex with Men (MSM) and HIV-positive men
HPV infection is strongly associated with the number of lifetime female sexual partners in men
who have sex with women (MSW) and also with the number of male anal-sexual partners in
men who have sex with men (MSM) [43]. For MSM, prevalence of any HPV genotype was
estimated at 18.5% on the penis, 17.1% on the scrotum, 33.0% on the perineal/perianal region,
42.4% in the anal canal, and 48.0% at any site. The prevalence of HPV infection is high among
young sexually active MSM, with the anal canal being the most common site of infection[44].
A study comparing the anal canal HPV prevalence in MSW (12.2%) to MSM (47.2%), confirmed
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the higher prevalence in MSM[45]. Another example from a cohort of Italy have settled
prevalence of anal HPV infection to 74.8% in MSM[8]. As for the general population of men,
the incidence of HPV infection does not seem to drop with age in MSM as the prevalence
remains high in all age groups[46].
Also, it appears that HIV status increases the risk of HPV infection in MSM. For example, a
recent systematic review that compared HPV prevalence in MSM according to HIV status has
shown that the anal canal prevalence was higher in HIV-positive individuals: (92.6% for HIV-
positive compared to 63.9% for HIV negative men) [47]. HR-HPVs were detected in 73.5% of
HIV-positive men whereas it was 37.2% in HIV-negative men. The prevalences of HPV-16 and
18 were also higher in HIV-positive men (35.4% compared to 12.5% for HPV-16 and 18.6%
compared to 4.9% for HPV-18).
4.2.4. Circumcision and genital HPV infections
Circumcision has been described to reduce the risk of HPV infections in men. The most recent
published meta-analysis shown an inverse association between circumcision and genital HPV
prevalence in men with an estimated pooled odds ratio of 0.57 (95% confidence interval:
0.54-0.82)[48]. However, as not many studies have been published on the role of circumcision
and HPV infection and as most of them are from observational design, more studies are needed
to confirm the protective role of circumcision with HPV anogenital infections in men.
5. Natural history
5.1. Clearance and persistence of HPV infection
5.1.1. Clearance
Although high prevalence of HPV is found in both males and females, most of the HPV
infections will be cleared spontaneously. Literature has consistently shown that at least 80 to
90% of cervical HPV infections are transient and are no longer detectable within 1-2 years[49].
HR-HPV infections seem to persist longer than LR-HPV[5]. For example, in cervical swabs of
female university students, LR-HPV and HR-HPV infections typically last (in average) 13.4
and 16.3 months, respectively[50]. In a review paper, the median duration (time for 50% of
infections to be cleared) of cervical infection reported from published studies ranged from 4
to 20 months, with a tendency for HPV-16 infections to last a little longer[5].
Clearance has also been studied in men. For example, a study on the clearance of HPV
infections in penile and scrotum sampling in a cohort of USA men has shown that the median
time to clearance of any HPV infection was 5.9 months and that 75% of HPV infections cleared
by 12 months[42]. Contrarily to women, LR-HPV and HR-HPV infections durations were
almost the same with a median duration of 5.8 months and 6 months respectively. Recent data
from a cohort study regrouping men from Brazil, Mexico and USA also supports that median
duration of HPV infection is shorter in men than in women with 7.5 months for any HPVs[43].
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5.1.2. Persistence
Persistence with an HR-HPV over long periods is an important risk factor for the development
and progression of cervical malignant lesion[51]. Approximately between 10% and 20% of
women fail to clear HPV infections, resulting in long-term cervical persistent infection[52]. It
is not known, however, why some women will develop cervical cancer following persistent
infection whereas others do not. Finally, persistence of HPV is recognised as an important step
in the etiologic pathway of cervical cancer but it has not been studied in other anogenital
cancers in women (vulva, vagina, anal cancer) and in men (penile and anal cancer).
5.2. Multiple HPV infections and reinfection with same or different HPV genotype
5.2.1. Multiple HPV infections
Individuals infected with multiple HPV genotypes are also a very common finding of many
epidemiologic studies. For example, among the cohort of Brazilian women, between 1.9% to
3.2% were co-infected with multiples genotypes at a same visit (concurrently infected) whereas
when considering cumulatively (period prevalence) during the first year and the first 4 years
of follow-up, 12.3% and 22.3% were infected with multiple genotypes, respectively[53].
Coinfection in men have also been studied. In a healthy mexican military cohort, HPV
prevalence was 44.6% at one of these sites (urethra, urethral meatus, scrotum, penile, shaft or
coronal sulcus) and 51.1% of them had mutiple HPV genotypes[54]. MSM have been studied
and are also at high risk of coinfection. For example, Dona et al (2012) in an Italian cohort
demonstrated that 65.3% of the HPV-positive MSM had multiple HPV infections[8].
Consequences of multiple HPV infections are still debated, but multiple infections with HR-
HPV as well as infection with other agents, such as HIV, may play a critical role in furthering
the progression to cervical intraepithelial neoplasia and cervical cancer in women[55]. Co-
infection with multiple HPV genotypes is common in women with premalignant lesion but
the prevalence of co-infections decreases with the severity of the lesion. It is well recognized
that cervical cancer specimen do not frequently harboured multiple HPV genotypes[56].
Although multiple genotypes infection may increase the risk of pre-malignant lesions[53], it
is possible that co-infection with multiple HPV genotypes acts as a biomarker of immune
failure to clear HPV (which allow HPV-16 to progress more easily) rather than etiologic factors
that act synergistically to cause cancer.
5.2.2. Reinfection with same or different HPV genotype
The risk of HPV reinfection with the same genotype is also well debated. What has been shown
is that it is possible to see cervical reinfection with the same genotype[57]. However, the
provenance of the virus is not well understood in re-infected women. Two hypotheses have
been advanced to explain reinfection. The first is based on the assumption that infections
acquired at a young age never completely clear but become latent; infections appearing later
in life would mostly represent the reactivation of such latent infections acquired many years
earlier. The second hypothesis is that infections do clear following an initial immune response,
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which does not completely protect against future infections by the same HPV genotype,
following new exposure via sexual activity later in life[58-60]. Recent studies have shown that
reinfection with a same genotype is associated with new sexual partners suggesting that
infection in adult women may results not only from reactivation of HPV infections acquired
at a young age that never completely cleared, but also from new exposure via sexual activi‐
ty[37, 57]. There is no available study concerning the probability of reinfection with a same or
a different genotype in men.
6. HPV related anogenital diseases
6.1. Low-risk HPV genotypes are associated to non-cancerous anogenital lesions
Condylomata acuminata or genital warts (GWs) in anogenital area are usually caused by low-
risk HPV genotypes. Recent studies have shown that about 100% of GWs are caused by either
HPV-6 or 11 but that 20–50% of lesions also contain co-infections with HR-HPV genotypes.
The majority of individuals who develop genital warts do so approximately 2–3 months after
infection[61]. Approximately 30% of all warts will regress within the first four months of
infection without any treatment, but recurrence will be see in majority of case, even if adequate
treatments have been done[62]. Long-term remission rates remain largely unknown. GWs
cause also significant psychological morbidity and substantial healthcare costs. Occasional‐
ly, GWs persist for long periods of time and, rarely, such long-standing lesions may progress
to malignancy. GWs are highly infectious and contribute significantly to spread of HPV
infections[63].
6.2. High-risk HPV genotypes are associated to cancerous anogenital lesions
The viruses cause approximately 15% of human cancers, and of this proportion, nearly half is
attributable to HPVs with cervix, vulva, vagina, penis and anal cancers[64]. According to
Centers for Disease Control and Prevention (CDC), it has now been accepted that HPV is a
necessary cause of cervical cancer as virtually 100% of specimens presents HPV DNA. It is also
now accepted that HPV is responsible for 50% of vulvar cancer, 65% of vaginal cancer 35% of
penile cancers and 95% of anal cancers[65].
7. Economic and health care system burden of HPV infections
Clinical HPV infections are responsible for substantial morbidity and invoke high costs
associated with the treatment of clinically relevant lesions[66]. Currently, two vaccines are
available: a bivalent HPV 16/18 AS04-adjuvanted vaccine (GlaxoSmithKline Biologicals,
Rixensart, Belgium) and a quadrivalent HPV 6/11/16/18 aluminum-adjuvanted vaccine (Merck
and Co., West Point, PA, USA). Both vaccines are designed to protect against the two more
prevalent HPV genotypes, HPV-16 and 18, that are responsible together for about 70% of all
cervical cancer cases worldwide. The quadrivalent vaccine also offers a protection against
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HPV-6 and 11, which cause over 90% of genital warts. These vaccines are likely to have a major
impact on the incidence and mortality of cervical cancer in the future as well on the burden of
other HPV related diseases. Most of developed countries have national recommendations for
the use of HPV vaccines in women and many have implemented publicly funded or co-
payment routine vaccination programs[67]. These vaccination programs will have a significant
impact on the direct and indirect costs related to HPV infections[68].
7.1. Example of economic burden of HPV-related cancers in U.S.A
Direct and indirect costs related to screening and treatment of HPV-related cancer is substan‐
tial. Direct costs include usually costs related to medical services such as appointments with
physicians and/or gynaecologists, hospital (including inpatient services), nursing and home
care and drug prescriptions and time lost for patients or caregivers. However, indirect costs
might also be considered in the evaluation of the burden associated to HPV (loss of produc‐
tivity, psychological, emotional burden on patient)[68].
A recent study in United States evaluated direct medical cost of the prevention and treatment
of pathologies associated with HPV[69]. Most of the annual direct medical costs are attributed
to cervical screening and follow-up are estimated at 6.6 billions of U.S. dollars: $5.4 billion for
cervical screening routine and $1.2 billion for follow-up costs. Cervical cancer costs $441
millions annually, vulvar and vaginal cancer costing for $37 and $12 millions respectively.
Anal cancer and penile cancer treatment costs has been estimated at $155 millions and $7
millions of annual costs respectively.
7.2. Genital warts are also an important economic and health care burden
Direct and indirect costs related to genital warts are also important. Genital warts are known
to be resistant to treatment and having high recurrence rates even if the appropriate treatment
has been done[62]. This involves repeated physicians visits for treatment and high direct costs.
The indirect costs include lower productivity for the patient due to illness as well as psycho‐
logical and emotional burden such as anger, stress, anxiety, depression, shame, guilt and
isolation which are also realities for patients [70, 71]. Chesson et al. evaluated at $288 millions
the direct medical costs related to genital warts in United States [69].
8. Conclusion
Anogenital HPV infections are very common and transmitted principally via sexual contacts.
High prevalence has been found in both female and male adults. Even if the majority of
anogenital infections will clear spontaneously, a small proportion of infection will progress
and cause different anogenital cancers. HPV is a necessary cause of cervical cancer and plays
a role in other anogenital cancers in men and women. Some subgroups such as MSM, sex
workers and HIV individuals are particularly at risk of HPV infections. Clinical HPV infections
are responsible for substantial morbidity and invoke high costs associated with the treatment
of clinically relevant lesions. Prevention is always preferable to treatment and in this optic,
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HPV vaccination, which is currently implanted all over the world, is expected to prevent a
substantial proportion of cervical and other HPV-related cancers in the future.
Acknowledgements
Claudie Laprise received a doctoral research award from the Canadian Institutes of Health
Research (FRN: 96236) and Helen Trottier received a salary award (chercheur-boursier) from
the Fonds de la recherche en santé du Québec.
Author details
Claudie  Laprise* and Helen  Trottier
*Address all correspondence to: claudielaprise@videotron.ca
Department of Social and Preventive Medicine, University of Montreal, Montreal, Sainte-
Justine Hospital Research Center, Montreal, Canada
References
[1] de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H. Classification of
papillomaviruses. Virology. 2004;324(1):17-27. Epub 2004/06/09.
[2] IARC Working Group. IARC monographs on the evaluation of carcinogenic risks to
humans ; v. 100B. 2009: Lyon, France.
[3] Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, et al. A review of
human carcinogens--Part B: biological agents. The lancet oncology. 2009;10(4):321-2.
Epub 2009/04/08.
[4] IARC Working Group. IARC monographs on the evaluation of carcinogenic risks to
humans ; v. 90 Human Papillomaviruses. 2007: Lyon, France.
[5] Trottier H, Franco EL. The epidemiology of genital human papillomavirus infection.
Vaccine. 2006;24 Suppl 1:S1-15. Epub 2006/01/13.
[6] Burchell AN, Winer RL, de Sanjose S, Franco EL. Chapter 6: Epidemiology and trans‐
mission dynamics of genital HPV infection. Vaccine. 2006;24 Suppl 3:S3/52-61. Epub
2006/09/05.
Epidemiology of Anogenital Human Papillomavirus Infections
http://dx.doi.org/10.5772/55825
279
[7] Tota JE, Chevarie-Davis M, Richardson LA, Devries M, Franco EL. Epidemiology and
burden of HPV infection and related diseases: implications for prevention strategies.
Preventive medicine. 2011;53 Suppl 1:S12-21. Epub 2011/10/14.
[8] Dona MG, Palamara G, Di Carlo A, Latini A, Vocaturo A, Benevolo M, et al. Preva‐
lence, genotype diversity and determinants of anal HPV infection in HIV-uninfected
men having sex with men. Journal of clinical virology : the official publication of the
Pan American Society for Clinical Virology. 2012;54(2):185-9. Epub 2012/03/16.
[9] Daling JR, Madeleine MM, Johnson LG, Schwartz SM, Shera KA, Wurscher MA, et al.
Human papillomavirus, smoking, and sexual practices in the etiology of anal cancer.
Cancer. 2004;101(2):270-80. Epub 2004/07/09.
[10] Guimaraes MD, Grinsztejn B, Melo VH, Rocha GM, Campos LN, Pilotto JH, et al.
Anal HPV prevalence and associated factors among HIV-seropositive men under an‐
tiretroviral treatment in Brazil. J Acquir Immune Defic Syndr. 2011;57 Suppl
3:S217-24. Epub 2011/09/29.
[11] Piketty C, Darragh TM, Da Costa M, Bruneval P, Heard I, Kazatchkine MD, et al.
High prevalence of anal human papillomavirus infection and anal cancer precursors
among HIV-infected persons in the absence of anal intercourse. Annals of internal
medicine. 2003;138(6):453-9. Epub 2003/03/18.
[12] Wiley DJ, Harper DM, Elashoff D, Silverberg MJ, Kaestle C, Cook RL, et al. How con‐
dom use, number of receptive anal intercourse partners and history of external geni‐
tal warts predict risk for external anal warts. International journal of STD & AIDS.
2005;16(3):203-11. Epub 2005/04/15.
[13] Pickard RK, Xiao W, Broutian TR, He X, Gillison ML. The prevalence and incidence
of oral human papillomavirus infection among young men and women, aged 18-30
years. Sexually transmitted diseases. 2012;39(7):559-66. Epub 2012/06/19.
[14] D'Souza G, Agrawal Y, Halpern J, Bodison S, Gillison ML. Oral sexual behaviors as‐
sociated with prevalent oral human papillomavirus infection. The Journal of infec‐
tious diseases. 2009;199(9):1263-9. Epub 2009/03/27.
[15] Kreimer AR, Villa A, Nyitray AG, Abrahamsen M, Papenfuss M, Smith D, et al. The
epidemiology of oral HPV infection among a multinational sample of healthy men.
Cancer epidemiology, biomarkers & prevention : a publication of the American As‐
sociation for Cancer Research, cosponsored by the American Society of Preventive
Oncology. 2011;20(1):172-82. Epub 2010/12/15.
[16] Sonnex C, Strauss S, Gray JJ. Detection of human papillomavirus DNA on the fingers
of patients with genital warts. Sexually transmitted infections. 1999;75(5):317-9. Epub
2000/01/05.
Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective280
[17] Ferenczy A, Bergeron C, Richart RM. Human papillomavirus DNA in fomites on ob‐
jects used for the management of patients with genital human papillomavirus infec‐
tions. Obstetrics and gynecology. 1989;74(6):950-4. Epub 1989/12/01.
[18] Marrazzo JM, Koutsky LA, Stine KL, Kuypers JM, Grubert TA, Galloway DA, et al.
Genital human papillomavirus infection in women who have sex with women. The
Journal of infectious diseases. 1998;178(6):1604-9. Epub 1998/11/17.
[19] Martinelli M, Zappa A, Bianchi S, Frati E, Colzani D, Amendola A, et al. Human pap‐
illomavirus (HPV) infection and genotype frequency in the oral mucosa of newborns
in Milan, Italy. Clinical microbiology and infection : the official publication of the Eu‐
ropean Society of Clinical Microbiology and Infectious Diseases. 2012;18(6):E197-9.
Epub 2012/04/12.
[20] Smith EM, Parker MA, Rubenstein LM, Haugen TH, Hamsikova E, Turek LP. Evi‐
dence for vertical transmission of HPV from mothers to infants. Infectious diseases in
obstetrics and gynecology. 2010;2010:326369. Epub 2010/03/20.
[21] Park H, Lee SW, Lee IH, Ryu HM, Cho AR, Kang YS, et al. Rate of vertical transmis‐
sion of human papillomavirus from mothers to infants: Relationship between infec‐
tion rate and mode of delivery. Virology journal. 2012;9(1):80. Epub 2012/04/14.
[22] Rombaldi RL, Serafini EP, Mandelli J, Zimmermann E, Losquiavo KP. Perinatal
transmission of human papilomavirus DNA. Virology journal. 2009;6:83. Epub
2009/06/24.
[23] Medeiros LR, Ethur AB, Hilgert JB, Zanini RR, Berwanger O, Bozzetti MC, et al. Ver‐
tical transmission of the human papillomavirus: a systematic quantitative review.
Cadernos de saude publica / Ministerio da Saude, Fundacao Oswaldo Cruz, Escola
Nacional de Saude Publica. 2005;21(4):1006-15. Epub 2005/07/16.
[24] Hajek EF. Contribution to the etiology of laryngeal papilloma in children. The Jour‐
nal of laryngology and otology. 1956;70(3):166-8. Epub 1956/03/01.
[25] Syrjanen S. Current concepts on human papillomavirus infections in children. AP‐
MIS : acta pathologica, microbiologica, et immunologica Scandinavica. 2010;118(6-7):
494-509. Epub 2010/06/18.
[26] Rombaldi RL, Serafini EP, Mandelli J, Zimmermann E, Losquiavo KP. Transplacental
transmission of Human Papillomavirus. Virology journal. 2008;5:106. Epub
2008/09/27.
[27] Dunne EF, Nielson CM, Stone KM, Markowitz LE, Giuliano AR. Prevalence of HPV
infection among men: A systematic review of the literature. The Journal of infectious
diseases. 2006;194(8):1044-57. Epub 2006/09/23.
[28] Foresta C, Patassini C, Bertoldo A, Menegazzo M, Francavilla F, Barzon L, et al.
Mechanism of human papillomavirus binding to human spermatozoa and fertilizing
ability of infected spermatozoa. PloS one. 2011;6(3):e15036. Epub 2011/03/17.
Epidemiology of Anogenital Human Papillomavirus Infections
http://dx.doi.org/10.5772/55825
281
[29] Bruni L, Diaz M, Castellsague X, Ferrer E, Bosch FX, de Sanjose S. Cervical human
papillomavirus prevalence in 5 continents: meta-analysis of 1 million women with
normal cytological findings. The Journal of infectious diseases. 2010;202(12):1789-99.
Epub 2010/11/12.
[30] Coutlee F, Mayrand MH, Roger M, Franco EL. Detection and typing of human papil‐
lomavirus nucleic acids in biological fluids. Public health genomics. 2009;12(5-6):
308-18. Epub 2009/08/18.
[31] de Sanjose S, Diaz M, Castellsague X, Clifford G, Bruni L, Munoz N, et al. Worldwide
prevalence and genotype distribution of cervical human papillomavirus DNA in
women with normal cytology: a meta-analysis. The Lancet infectious diseases.
2007;7(7):453-9. Epub 2007/06/29.
[32] Goodman MT, Shvetsov YB, McDuffie K, Wilkens LR, Zhu X, Ning L, et al. Acquisi‐
tion of anal human papillomavirus (HPV) infection in women: the Hawaii HPV Co‐
hort study. The Journal of infectious diseases. 2008;197(7):957-66. Epub 2008/04/23.
[33] Hernandez BY, McDuffie K, Zhu X, Wilkens LR, Killeen J, Kessel B, et al. Anal hu‐
man papillomavirus infection in women and its relationship with cervical infection.
Cancer epidemiology, biomarkers & prevention : a publication of the American As‐
sociation for Cancer Research, cosponsored by the American Society of Preventive
Oncology. 2005;14(11 Pt 1):2550-6. Epub 2005/11/15.
[34] Moscicki AB, Durako SJ, Houser J, Ma Y, Murphy DA, Darragh TM, et al. Human
papillomavirus infection and abnormal cytology of the anus in HIV-infected and un‐
infected adolescents. AIDS. 2003;17(3):311-20. Epub 2003/01/31.
[35] Petignat P, Faltin DL, Bruchim I, Tramer MR, Franco EL, Coutlee F. Are self-collected
samples comparable to physician-collected cervical specimens for human papilloma‐
virus DNA testing? A systematic review and meta-analysis. Gynecologic oncology.
2007;105(2):530-5. Epub 2007/03/06.
[36] Hariri S, Unger ER, Sternberg M, Dunne EF, Swan D, Patel S, et al. Prevalence of gen‐
ital human papillomavirus among females in the United States, the National Health
And Nutrition Examination Survey, 2003-2006. The Journal of infectious diseases.
2011;204(4):566-73. Epub 2011/07/28.
[37] Munoz N, Mendez F, Posso H, Molano M, van den Brule AJ, Ronderos M, et al. Inci‐
dence, duration, and determinants of cervical human papillomavirus infection in a
cohort of Colombian women with normal cytological results. The Journal of infec‐
tious diseases. 2004;190(12):2077-87. Epub 2004/11/20.
[38] Clifford GM, Goncalves MA, Franceschi S. Human papillomavirus types among
women infected with HIV: a meta-analysis. AIDS. 2006;20(18):2337-44. Epub
2006/11/23.
[39] Li HM, Liang GJ, Yin YP, Wang QQ, Zheng ZJ, Zhou JJ, et al. Prevalence and geno‐
type distribution of human papillomavirus infection among female sex workers in
Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective282
Guangxi, China: implications for interventions. Journal of medical virology.
2012;84(5):798-803. Epub 2012/03/21.
[40] Gonzalez C, Torres M, Canals J, Fernandez E, Belda J, Ortiz M, et al. Higher inci‐
dence and persistence of high-risk human papillomavirus infection in female sex
workers compared with women attending family planning. International journal of
infectious diseases : IJID : official publication of the International Society for Infec‐
tious Diseases. 2011;15(10):e688-94. Epub 2011/07/16.
[41] Smith JS, Gilbert PA, Melendy A, Rana RK, Pimenta JM. Age-specific prevalence of
human papillomavirus infection in males: a global review. The Journal of adolescent
health : official publication of the Society for Adolescent Medicine. 2011;48(6):540-52.
Epub 2011/05/18.
[42] Giuliano AR, Lu B, Nielson CM, Flores R, Papenfuss MR, Lee JH, et al. Age-specific
prevalence, incidence, and duration of human papillomavirus infections in a cohort
of 290 US men. The Journal of infectious diseases. 2008;198(6):827-35. Epub
2008/07/29.
[43] Giuliano AR, Lee JH, Fulp W, Villa LL, Lazcano E, Papenfuss MR, et al. Incidence
and clearance of genital human papillomavirus infection in men (HIM): a cohort
study. Lancet. 2011;377(9769):932-40. Epub 2011/03/04.
[44] Goldstone S, Palefsky JM, Giuliano AR, Moreira ED, Jr., Aranda C, Jessen H, et al.
Prevalence of and risk factors for human papillomavirus (HPV) infection among
HIV-seronegative men who have sex with men. The Journal of infectious diseases.
2011;203(1):66-74. Epub 2010/12/15.
[45] Nyitray AG, Carvalho da Silva RJ, Baggio ML, Lu B, Smith D, Abrahamsen M, et al.
Age-specific prevalence of and risk factors for anal human papillomavirus (HPV)
among men who have sex with women and men who have sex with men: the HPV in
men (HIM) study. The Journal of infectious diseases. 2011;203(1):49-57. Epub
2010/12/15.
[46] Dietz CA, Nyberg CR. Genital, oral, and anal human papillomavirus infection in
men who have sex with men. The Journal of the American Osteopathic Association.
2011;111(3 Suppl 2):S19-25. Epub 2011/03/29.
[47] Machalek DA, Poynten M, Jin F, Fairley CK, Farnsworth A, Garland SM, et al. Anal
human papillomavirus infection and associated neoplastic lesions in men who have
sex with men: a systematic review and meta-analysis. The lancet oncology.
2012;13(5):487-500. Epub 2012/03/27.
[48] Albero G, Castellsague X, Giuliano AR, Bosch FX. Male circumcision and genital hu‐
man papillomavirus: a systematic review and meta-analysis. Sexually transmitted
diseases. 2012;39(2):104-13. Epub 2012/01/18.
Epidemiology of Anogenital Human Papillomavirus Infections
http://dx.doi.org/10.5772/55825
283
[49] Moscicki AB, Schiffman M, Kjaer S, Villa LL. Chapter 5: Updating the natural history
of HPV and anogenital cancer. Vaccine. 2006;24 Suppl 3:S3/42-51. Epub 2006/09/05.
[50] Richardson H, Kelsall G, Tellier P, Voyer H, Abrahamowicz M, Ferenczy A, et al. The
natural history of type-specific human papillomavirus infections in female university
students. Cancer epidemiology, biomarkers & prevention : a publication of the
American Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology. 2003;12(6):485-90. Epub 2003/06/20.
[51] Bodily J, Laimins LA. Persistence of human papillomavirus infection: keys to malig‐
nant progression. Trends in microbiology. 2011;19(1):33-9. Epub 2010/11/06.
[52] Stanley M. Immunobiology of HPV and HPV vaccines. Gynecologic oncology.
2008;109(2 Suppl):S15-21. Epub 2008/06/14.
[53] Trottier H, Mahmud S, Costa MC, Sobrinho JP, Duarte-Franco E, Rohan TE, et al. Hu‐
man papillomavirus infections with multiple types and risk of cervical neoplasia.
Cancer epidemiology, biomarkers & prevention : a publication of the American As‐
sociation for Cancer Research, cosponsored by the American Society of Preventive
Oncology. 2006;15(7):1274-80. Epub 2006/07/13.
[54] Lajous M, Mueller N, Cruz-Valdez A, Aguilar LV, Franceschi S, Hernandez-Avila M,
et al. Determinants of prevalence, acquisition, and persistence of human papilloma‐
virus in healthy Mexican military men. Cancer epidemiology, biomarkers & preven‐
tion : a publication of the American Association for Cancer Research, cosponsored by
the American Society of Preventive Oncology. 2005;14(7):1710-6. Epub 2005/07/21.
[55] de Freitas AC, Gurgel AP, Chagas BS, Coimbra EC, do Amaral CM. Susceptibility to
cervical cancer: An overview. Gynecologic oncology. 2012;126(2):304-11. Epub
2012/04/10.
[56] Li N, Franceschi S, Howell-Jones R, Snijders PJ, Clifford GM. Human papillomavirus
type distribution in 30,848 invasive cervical cancers worldwide: Variation by geo‐
graphical region, histological type and year of publication. International journal of
cancer Journal international du cancer. 2011;128(4):927-35. Epub 2010/05/18.
[57] Trottier H, Ferreira S, Thomann P, Costa MC, Sobrinho JS, Prado JC, et al. Human
papillomavirus infection and reinfection in adult women: the role of sexual activity
and natural immunity. Cancer research. 2010;70(21):8569-77. Epub 2010/10/28.
[58] Castle PE, Schiffman M, Herrero R, Hildesheim A, Rodriguez AC, Bratti MC, et al. A
prospective study of age trends in cervical human papillomavirus acquisition and
persistence in Guanacaste, Costa Rica. The Journal of infectious diseases.
2005;191(11):1808-16. Epub 2005/05/05.
[59] Herrero R, Hildesheim A, Bratti C, Sherman ME, Hutchinson M, Morales J, et al.
Population-based study of human papillomavirus infection and cervical neoplasia in
Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective284
rural Costa Rica. Journal of the National Cancer Institute. 2000;92(6):464-74. Epub
2000/03/16.
[60] Lazcano-Ponce E, Herrero R, Munoz N, Cruz A, Shah KV, Alonso P, et al. Epidemiol‐
ogy of HPV infection among Mexican women with normal cervical cytology. Interna‐
tional journal of cancer Journal international du cancer. 2001;91(3):412-20. Epub
2001/02/15.
[61] Stanley M. Pathology and epidemiology of HPV infection in females. Gynecologic
oncology. 2010;117(2 Suppl):S5-10. Epub 2011/03/08.
[62] Patel RV, Yanofsky VR, Goldenberg G. Genital warts: a comprehensive review. The
Journal of clinical and aesthetic dermatology. 2012;5(6):25-36. Epub 2012/07/07.
[63] Lacey CJ, Lowndes CM, Shah KV. Chapter 4: Burden and management of non-can‐
cerous HPV-related conditions: HPV-6/11 disease. Vaccine. 2006;24 Suppl 3:S3/35-41.
Epub 2006/09/05.
[64] Parkin DM, Bray F. Chapter 2: The burden of HPV-related cancers. Vaccine. 2006;24
Suppl 3:S3/11-25. Epub 2006/09/05.
[65] Centers for Disease Control and Prevention. http://www.cdc.gov/hpv/cancer.html
(accessed 6 August, 2012).
[66] Insinga RP, Dasbach EJ, Elbasha EH. Assessing the annual economic burden of pre‐
venting and treating anogenital human papillomavirus-related disease in the US: an‐
alytic framework and review of the literature. PharmacoEconomics. 2005;23(11):
1107-22. Epub 2005/11/10.
[67] Monsonego J, Cortes J, Greppe C, Hampl M, Joura E, Singer A. Benefits of vaccinat‐
ing young adult women with a prophylactic quadrivalent human papillomavirus
(types 6, 11, 16 and 18) vaccine. Vaccine. 2010;28(51):8065-72. Epub 2010/10/26.
[68] Ekwueme DU, Chesson HW, Zhang KB, Balamurugan A. Years of potential life lost
and productivity costs because of cancer mortality and for specific cancer sites where
human papillomavirus may be a risk factor for carcinogenesis-United States, 2003.
Cancer. 2008;113(10 Suppl):2936-45. Epub 2008/11/05.
[69] Chesson HW, Ekwueme DU, Saraiya M, Watson M, Lowy DR, Markowitz LE. Esti‐
mates of the annual direct medical costs of the prevention and treatment of disease
associated with human papillomavirus in the United States. Vaccine. 2012. Epub
2012/08/08.
[70] Raymakers AJ, Sadatsafavi M, Marra F, Marra CA. Economic and humanistic burden
of external genital warts. PharmacoEconomics. 2012;30(1):1-16. Epub 2011/12/29.
[71] Senecal M, Brisson M, Maunsell E, Ferenczy A, Franco EL, Ratnam S, et al. Loss of
quality of life associated with genital warts: baseline analyses from a prospective
study. Sexually transmitted infections. 2011;87(3):209-15. Epub 2011/02/22.
Epidemiology of Anogenital Human Papillomavirus Infections
http://dx.doi.org/10.5772/55825
285

